Regularization of context data of autonomous power supply systems by Кисельова, Анна Геннадіївна & Кисельов, Геннадій Дмитрович
ɍȾɄ621.314 : 621.316.7 doi:10.20998/2413-4295.2016.12.18 
 
ɊȿȽɍɅəɊɂɁȺɐȱəɄɈɇɌȿɄɋɌɇɂɏȾȺɇɂɏɉɊɂɄȿɊɍȼȺɇɇȱȺȼɌɈɇɈɆɇɂɆɂ
ɋɂɋɌȿɆȺɆɂȿɅȿɄɌɊɈɀɂȼɅȿɇɇə 
 
ȺȽɄɂɋȿɅɖɈȼȺ*, Ƚ Ⱦ ɄɂɋȿɅɖɈȼ 
 
ɄɚɮɟɞɪɚɫɢɫɬɟɦɧɨɝɨɩɪɨɟɤɬɭɜɚɧɧɹɇɇɄ©ȱɧɫɬɢɬɭɬɩɪɢɤɥɚɞɧɨɝɨɫɢɫɬɟɦɧɨɝɨɚɧɚɥɿɡɭª, ɇɌɍɍ©Ʉɉȱª Ʉɢʀɜ, ɍɄɊȺȲɇȺ 
*email: a.g.kyselova@gmail.com 
 
ȺɇɈɌȺɐȱə  Ⱦɥɹɩɨɤɪɚɳɟɧɧɹɹɤɨɫɬɿɩɪɢɣɧɹɬɬɹɪɿɲɟɧɶɡɤɟɪɭɜɚɧɧɹɚɜɬɨɧɨɦɧɢɦɢɫɢɫɬɟɦɚɦɢɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɦɫɬɜɨɪɟɧɨ 
ɿ ɩɪɨɬɟɫɬɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɪɟɝɭɥɹɪɢɡɚɰɿʀ ɤɨɧɬɟɤɫɬɧɢɯ ɞɚɧɢɯ, ɳɨ ɞɨɡɜɨɥɢɥɨ ɡɦɟɧɲɢɬɢ ɩɨɦɢɥɤɭ ɩɪɨɝɧɨɡɭ ɤɨɧɬɟɤɫɬɧɢɯ
ɱɚɫɨɜɢɯɪɹɞɿɜ ɡ -ɞɨ -ɬɚ ɡɦɟɧɲɢɬɢɨɛɫɹɝɨɩɟɪɚɰɿɣɩɪɢɮɨɪɦɭɜɚɧɧɿ ɩɪɚɜɢɥɤɟɪɭɜɚɧɧɹ ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɢɦɢ
ɩɟɪɟɬɜɨɪɸɜɚɱɚɦɢɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɜɦɟɪɟɠɿ. ɄɨɧɬɟɤɫɬɧɿɞɚɧɿɮɨɪɦɭɸɬɶɫɹɡɱɚɫɨɜɢɯɪɹɞɿɜɑɊɡɧɚɱɟɧɧɹɹɤɢɯɮɿɤɫɭɸɬɶɫɹ
ɞɚɜɚɱɚɦɢɱɟɪɟɡɡɚɞɚɧɿɩɪɨɦɿɠɤɢɱɚɫɭ 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ ɪɟɝɭɥɹɪɢɡɚɰɿɹɤɨɧɬɟɤɫɬɱɚɫɨɜɿɪɹɞɢɫɢɫɬɟɦɚɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɩɨɦɢɥɤɚɩɪɨɝɧɨɡɭ 
 
 
REGULARIZATION OF CONTEXT DATA OF AUTONOMOUS POWER SUPPLY 
SYSTEMS  
 
ȺKYSELOVA*, G. KYSELOV  
 
7KH GHSDUWPHQW RI 6\VWHP 'HVLJQ (GXFDWLRQDO 6FLHQWLILF &RPSOH[´,$6$´,  1DWLRQDO 7HFKQLFDO 8QLYHUVLW\ RI 8NUDLQH ´.\LY
3RO\WHFKQLF,QVWLWXWH´, Kyiv, UKRAINE 
 
ABSTRACT In this work we present a regularization of context data of autonomous power supply systems. The autonomous power 
supply systems is a context awareness framework that aims to provide a comprehensive solution to reason about the context from the 
level of sensor data to the high-level situation awareness (actuator or devices). The paper describes these challenges and presents 
data management solutions as a module of context data analysis for the energy control system. These solutions include sensor data 
acquisition and time series forecasting, ontology model and context prediction model for analytical query processing past and future 
context data. Context prediction requires the consideration of the preliminary time series processing consists in the detection of the 
series values anomalous values and series smoothing.  The randomness of the commutation, though, leads to the disturbances in 
power consumption characteristics. Keeping a record of time points and the value of the disturbances complicates the forecasting 
process and can lead to erroneous results. Filtration or smoothing of context time series is the necessary preliminary prediction 
stage for obtaining trends. Thus, the first step of the module of context data analysis is the filtration and the second step is the 
prediction. There are three distinct groups of smoothing: Averaging Methods ± moving average, weighted moving average; 
Exponential Smoothing Methods ± simple, weighted, exponential, double;Kalman filter. And three group of prediction:Interpolation 
± linear, polynomial, spline;Extrapolation ± linear, polynomial, French curve,   conic;Linear prediction. If the prediction value falls 
outside the confidence range of prediction errors, the task of regularizing sample n of the prediction method is performed. By sample 
regularizing we understand sample value alteration up to the value which provides the transition of prediction value to the area of 
confidence range. The proposed approach of regularization (adaptation) of time series for forecasting method allows reducing 
forecasting error from 6-5% to 2-1.5%, as the test results showed.  
Keywords: regularization, context, times series, power supply system, root-mean-square error. 
 
ȼɫɬɭɩ 
 
Ɂɚɛɟɡɩɟɱɟɧɧɹ ɧɟɨɛɯɿɞɧɨɝɨ ɪɿɜɧɹ ɹɤɨɫɬɿ
ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɬɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɜ ɦɟɪɟɠɚɯ ɰɟɧɬɪɚɥɿɡɨɜɚɧɨɝɨ
ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ ɡɞɿɣɫɧɸɽɬɶɫɹ ɩɪɢɫɬɪɨɹɦɢ ɳɨ
ɜɢɤɨɧɭɸɬɶɮɭɧɤɰɿʀɦɨɧɿɬɨɪɢɧɝɭɤɟɪɭɜɚɧɧɹɬɚɡɚɯɢɫɬɭ 
ɦɟɪɟɠɿ ɇɚ ɟɧɟɪɝɟɬɢɱɧɨɦɭ ɪɿɜɧɿ ɡɚɡɧɚɱɟɧɿ ɮɭɧɤɰɿʀ
ɦɨɠɥɢɜɨ ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɜɿɞɧɨɫɧɨ ɧɟɡɚɥɟɠɧɿ ɳɨ
ɫɩɪɨɳɭɽ ɩɪɨɟɤɬɭɜɚɧɧɹ ɬɚ ɟɤɫɩɥɭɚɬɚɰɿɸ ɫɢɫɬɟɦ
ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɲɥɹɯɨɦ ɞɟɤɨɦɩɨɡɢɰɿʀ ɡɚɞɚɱ ɿ
ɞɟɰɟɧɬɪɚɥɿɡɚɰɿʀ ɩɪɨɰɟɫɭ ɤɟɪɭɜɚɧɧɹ ɦɟɪɟɠɟɸ ȼ
ɟɧɟɪɝɨɦɟɪɟɠɿ ɡ ɞɟɰɟɧɬɪɚɥɿɡɨɜɚɧɢɦ ɤɟɪɭɜɚɧɧɹɦ
ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɟ ɨɛɥɚɞɧɚɧɧɹ ɮɭɧɤɰɿɨɧɭɽ ɜɿɞɧɨɫɧɨ
ɧɟɡɚɥɟɠɧɨɳɨɡɧɢɠɭɽɟɤɨɧɨɦɿɱɧɿɫɬɶ ɪɨɛɨɬɢɦɟɪɟɠɿ ɜ
ɰɿɥɨɦɭ ɇɚ ɩɟɜɧɨɦɭ ɟɬɚɩɿ ɪɨɡɜɢɬɤɭ ɬɚɤɢɣ ɩɿɞɯɿɞ ɛɭɜ
ɜɢɩɪɚɜɞɚɧɢɣ ɜɧɚɫɥɿɞɨɤ ɜɟɥɢɤɨʀ ɜɚɪɬɨɫɬɿ ɿ ɦɚɥɨʀ
ɟɮɟɤɬɢɜɧɨɫɬɿɫɢɫɬɟɦɨ ɭɬɜɨɪɸɸɱɨɝɨɭɫɬɚɬɤɭɜɚɧɧɹɹɤɟ 
ɞɨɡɜɨɥɹɽ ɿɧɬɟɝɪɭɜɚɬɢ ɪɿɡɧɨɪɿɞɧɿ ɩɪɢɫɬɪɨʀ ɧɚ
ɿɧɮɨɪɦɚɰɿɣɧɨɦɭɿɫɢɥɨɜɨɦɭɪɿɜɧɹɯ 
ȼ ɡɜ¶ɹɡɤɭ ɡ ɧɟɨɛɯɿɞɧɿɫɬɸ ɟɤɨɧɨɦɿ
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀɧɟɜɿɞɧɨɜɥɸɜɚɧɢɯɞɠɟɪɟɥɡɚɩɚɫɢɹɤɢɯ
ɩɨɫɬɭɩɨɜɨ ɜɢɱɟɪɩɭɸɬɶɫɹ ɜɫɟ ɱɚɫɬɿɲɟ
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜɿɞɧɨɜɥɸɜɚɧɿ ɞɠɟɪɟɥɚ ɟɧɟɪɝɿʀ
ȼȾȿ ɬɟɯɧɿɱɧɢɣ ɩɨɬɟɧɰɿɚɥ ɹɤɢɯ ɜ ɩɟɪɫɩɟɤɬɢɜɿ
ɞɨɡɜɨɥɹɽ ɦɿɧɿɦɿɡɭɜɚɬɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɟɥɟɤɬɪɨɫɬɚɧɰɿɣ
ɧɚ ɜɢɤɨɩɧɨɦɭ ɩɚɥɢɜɿ > 2@ Ɉɞɧɚɤ ʀɯ ɩɪɚɤɬɢɱɧɟ
ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɚɽ ɪɹɞ ɨɫɨɛɥɢɜɨɫɬɟɣ ɩɨɜ
ɹɡɚɧɢɯ ɡ
ɧɟɫɬɚɛɿɥɶɧɢɦ ɨɛɫɹɝɨɦ ɝɟɧɟɪɨɜɚɧɨʀ ɟɧɟɪɝɿʀ ɿ ɧɢɡɶɤɨɸ
ɩɢɬɨɦɨɸ ɩɨɬɭɠɧɿɫɬɸ ȼȾȼ, ɳɨ ɜɢɦɚɝɚɽ ɦɨɞɟɪɧɿɡɚɰɿʀ
ɿɧɮɪɚɫɬɪɭɤɬɭɪɢ ɿɫɧɭɸɱɢɯ ɦɟɪɟɠ ɫɩɪɹɦɨɜɚɧɭ ɧɚ
ɡɚɛɟɡɩɟɱɟɧɧɹ ɭɡɝɨɞɠɟɧɨʀ ɪɨɛɨɬɢ ɧɟɨɛɦɟɠɟɧɨʀ
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ɤɿɥɶɤɨɫɬɿ ɪɿɡɧɨɬɢɩɧɢɯ ɞɠɟɪɟɥ ɟɧɟɪɝɿʀ ɹɤɿ
ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɫɨɛɨɸ ɪɨɡɨɫɟɪɟɞɠɟɧɭ ɫɢɫɬɟɦɭ
ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɧɚ ɫɩɿɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ Ⱦɨɪɟɱɧɨ
ɨɛ¶ɽɞɧɚɬɢ ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɟ ɨɛɥɚɞɧɚɧɧɹ ɦɟɪɟɠɿ 
ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɜ ɽɞɢɧɭ ɫɢɫɬɟɦɭ ɳɨ ɡɞɿɣɫɧɸɽɬɶɫɹ
ɧɚ ɫɢɥɨɜɨɦɭ ɪɿɜɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ
ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ ɿ ɧɚ ɿɧɮɨɪɦɚɰɿɣɧɨɦɭ ɪɿɜɧɿ - 
ɨɛɪɨɛɤɨɸ ɪɿɡɧɨɬɢɩɧɨʀ ɞɚɧɢɯ ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ
ɞɥɹɤɟɪɭɜɚɧɧɹɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɦ ɿɩɪɟɞɫɬɚɜɥɹɽɬɶɫɹɭ
ɜɢɝɥɹɞɿ ɤɨɧɬɟɤɫɬɭ  
ȱɧɬɟɝɪɚɰɿɹɪɿɡɧɨɬɢɩɧɢɯɞɠɟɪɟɥɟɥɟɤɬɪɨɟɧɟɪɝɿʀɜ
ɽɞɢɧɭ ɫɢɫɬɟɦɭ ɡɞɿɣɫɧɸɽɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɤɨɧɰɟɩɰɿʀ
ɚɤɬɢɜɧɨ-ɚɞɚɩɬɢɜɧɨɝɨɤɟɪɭɜɚɧɧɹ6PDUW*ULG>@  
ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɬɪɚɞɢɰɿɣɧɢɯ ɦɟɪɟɠ
ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɜ ɹɤɢɯ ɞɥɹ ɤɟɪɭɜɚɧɧɹ 
ɩɟɪɟɬɜɨɪɸɜɚɱɚɦɢ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ
ɦɨɧɨɝɟɧɧɿ ɞɚɧɿ ɬɚɤɿ ɹɤ ɫɬɪɭɦ ɚɛɨ ɧɚɩɪɭɝɚ ɩɪɨɰɟɫ
ɤɟɪɭɜɚɧɧɹɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɦ ɜ6PDUW*ULGʉɪɭɧɬɭɽɬɶɫɹ
ɧɚ ɜɢɦɿɪɸɜɚɧɧɿ ɿ ɨɛɪɨɛɰɿ ɝɟɬɟɪɨɝɟɧɧɢɯ ɞɚɧɢɯ
ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɧɚɩɪɢɤɥɚɞ, ɩɨɬɭɠɧɨɫɬɿ
ɫɨɧɹɱɧɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ ɜɿɬɪɭ
ɬɟɦɩɟɪɚɬɭɪɢ ɜɨɥɨɝɨɫɬɿ ɩɚɪɚɦɟɬɪɿɜ ɪɨɛɨɬɢ 
ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɨɝɨ ɭɫɬɚɬɤɭɜɚɧɧɹ Ⱦɨ ɨɫɬɚɧɧɿɯ
ɜɿɞɧɨɫɹɬɶɫɹ ɩɪɨɫɬɨɪɨɜɢɣ ɪɨɡɩɨɞɿɥ ɞɠɟɪɟɥ
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɬɚ ʀɯ ɜɢɯɿɞɧɭ ɩɨɬɭɠɧɿɫɬɶ ɽɦɧɿɫɬɶ 
ɡɚɫɨɛɿɜ ɚɤɭɦɭɥɸɜɚɧɧɹ ɪɿɜɟɧɶ ɜɬɪɚɬ ɭ ɫɢɫɬɟɦɿ
ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɩɨɬɭɠɧɿɫɬɶ ɫɩɨɠɢɜɚɧɧɹ
ɧɚɜɚɧɬɚɠɟɧɶ Ⱦɥɹ ɨɛɪɨɛɤɢ ɜɟɥɢɤɨɝɨ ɨɛɫɹɝɭ
ɝɟɬɟɪɨɝɟɧɧɢɯɞɚɧɢɯɫɬɜɨɪɸɽɬɶɫɹ ɫɩɿɥɶɧɢɣɤɨɧɬɟɤɫɬ. 
 
ɐɿɥɶɪɨɛɨɬɢ 
 
ɉɨɤɪɚɳɢɬɢ ɹɤɿɫɬɶ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɡ
ɤɟɪɭɜɚɧɧɹ ɝɟɬɟɪɨɝɟɧɧɢɦɢ ɿɧɮɪɚɫɬɪɭɤɬɭɪɚɦɢ  
ɚɜɬɨɧɨɦɧɢɯ ɫɢɫɬɟɦ ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɪɟɝɭɥɹɪɢɡɚɰɿʀɤɨɧɬɟɤɫɬɧɢɯɞɚɧɢɯ. 
 
ȼɢɤɥɚɞɟɧɧɹɨɫɧɨɜɧɨɝɨɦɚɬɟɪɿɚɥɭ 
 
Ʉɨɧɬɟɤɫɬɧɿɞɚɧɧɿɞɨɡɜɨɥɹɸɬɶ ɨɩɢɫɚɬɢ ɦɨɠɥɢɜɿ
ɫɬɚɧɢɦɟɪɟɠɿ ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɿɨɤɪɟɦɢɯʀʀɩɪɢɫɬɪɨʀɜ
ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɚɩɚɪɚɬɭ ɞɟɫɤɪɢɩɬɢɜɧɨʀ ɥɨɝɿɤɢ >4@ ɭ
ɮɨɪɦɿ ɬɪɢɩɥɟɬɿɜ ©ɩɚɪɚɦɟɬɪ-ɚɬɪɢɛɭɬ-ɡɧɚɱɟɧɧɹª, 
ɧɚɩɪɢɤɥɚɞ©ɉɪɢɦɿɳɟɧɧɹɬɟɦɩɟɪɚɬɭɪɚ ɤɨɦɮɨɪɬɧɚª
©Ƚɟɧɟɪɚɬɨɪɢ ɩɨɬɭɠɧɿɫɬɶ   ɞɨɫɬɚɬɧɹª
©ɇɚɜɚɧɬɚɠɟɧɧɹ ɯɚɪɚɤɬɟɪ   ɿɧɞɭɤɬɢɜɧɨ-ɚɤɬɢɜɧɢɣª
Ɉɫɧɨɜɧɿ ɬɢɩɢ ɬɚ ɜɢɞɢ ɤɨɧɬɟɤɫɬɭ ɹɤɿ
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ ɫɢɫɬɟɦɚɯ
ɤɟɪɭɜɚɧɧɹɨɩɢɫɚɧɿɜɪɨɛɨɬɚɯ>5, 6].  
ȼɢɤɨɪɢɫɬɚɧɧɹ ɤɨɧɬɟɤɫɬɭ ɿ ɞɟɫɤɪɢɩɬɢɜɧɨʀ
ɥɨɝɿɤɢ ɩɿɞɜɢɳɭɽ ɹɤɿɫɬɶ ɤɟɪɭɜɚɧɧɹ ɫɢɫɬɟɦɨɸ
ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɬɚɞɨɡɜɨɥɹɽɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɡɧɚɧɧɹ
ɟɤɫɩɟɪɬɿɜɞɥɹɤɟɪɭɜɚɧɧɹɫɢɫɬɟɦɨɸɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɭ
ɜɢɝɥɹɞɿ ɥɨɝɿɱɧɢɯ ɩɪɚɜɢɥ [7]. ȼɢɤɨɪɢɫɬɚɧɧɹ ɩɪɚɜɢɥ
ɡɦɟɧɲɭɽ ɤɿɥɶɤɿɫɬɶ ɩɚɪɚɦɟɬɪɿɜ ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ
ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɡɚɞɚɜɚɥɶɧɢɯ ɜɩɥɢɜɿɜ ɞɥɹ ɩɪɢɫɬɪɨʀɜ
ɫɢɫɬɟɦɢ ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɿ ɨɛɫɹɝ ɞɚɧɢɯ ɹɤɿ
ɰɢɪɤɭɥɸɸɬɶ ɜ ɫɢɫɬɟɦɿ ȱɧɬɟɝɪɚɰɿɹ ɜ ɤɨɧɬɟɤɫɬ ɞɚɧɢɯ, 
ɳɨ ɧɚɞɯɨɞɢɬɶ ɜɿɞ ɪɿɡɧɨɬɢɩɧɢɯ ȼȾȿ ɬɚ ɧɚɜɚɧɬɚɠɟɧɶ, 
ɞɨɡɜɨɥɹɽ ɨɬɪɢɦɚɬɢ ɦɨɞɟɥɶ ɩɨɬɨɱɧɨɝɨ ɫɬɚɧɭ ɪɟɚɥɶɧɨʀ
ɫɢɫɬɟɦɢ ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ ɧɚ ɩɿɞɫɬɚɜɿ ɹɤɨʀ
ɫɢɫɬɟɦɨɸ ɤɟɪɭɜɚɧɧɹ ɦɨɠɟ ɛɭɬɢ ɡɝɟɧɟɪɨɜɚɧɨ
ɪɚɰɿɨɧɚɥɶɧɟ ɤɟɪɭɸɱɟ ɪɿɲɟɧɧɹ ɩɟɪɟɬɜɨɪɸɜɚɱɚɦɢ
ɦɟɪɟɠɿ ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ(ɪɢɫ 1).  
Ʉɨɧɬɟɤɫɬ ɮɨɪɦɭɽɬɶɫɹ ɡ ɱɚɫɨɜɢɯ ɪɹɞɿɜ ɑɊ
ɜɢɦɿɪɹɧɢɯɞɚɧɢɯɡɧɚɱɟɧɧɹɹɤɢɯɮɿɤɫɭɸɬɶɫɹɞɚɜɚɱɚɦɢ
ɱɟɪɟɡɡɚɞɚɧɿɩɪɨɦɿɠɤɢɱɚɫɭ[8].  
Ʉɨɧɬɟɤɫɬ ɮɨɪɦɭɽɬɶɫɹ ɡ ɱɚɫɨɜɢɯ ɪɹɞɿɜ ɑɊ
ɜɢɦɿɪɹɧɢɯɞɚɧɢɯɡɧɚɱɟɧɧɹɹɤɢɯɮɿɤɫɭɸɬɶɫɹɞɚɜɚɱɚɦɢ
ɱɟɪɟɡ ɡɚɞɚɧɿ ɩɪɨɦɿɠɤɢ ɱɚɫɭ Ɂɚ ɮɭɧɤɰɿɨɧɚɥɶɧɢɦ
ɩɪɢɡɧɚɱɟɧɧɹɦɞɚɜɚɱɿɦɨɠɥɢɜɨɩɨɞɿɥɢɬɢɧɚɬɚɤɿɝɪɭɩɢ 
1) ɞɚɜɚɱɿ ɳɨ ɚɫɨɰɿɣɨɜɚɧɿ ɡ ɥɸɞɢɧɨɸ-
ɤɨɪɢɫɬɭɜɚɱɟɦ ɿ ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɪɟɽɫɬɪɚɰɿʀ ɩɨɞɿɣ
ɩɨɜ
ɹɡɚɧɢɯ ɡ ɦɿɫɰɟɡɧɚɯɨɞɠɟɧɧɹɦ ɥɨɤɚɰɿɽɸ ɥɸɞɢɧɢ
ɬɚ ʀʀ ɩɟɪɟɦɿɳɟɧɧɹɦ ɚɤɬɢɜɧɨɸ ɡɨɧɨɸ ɟɥɟɤɬɪɨɦɟɪɟɠɿ, 
ɩɪɿɨɪɢɬɟɬɚɦɢ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɧɚɜɚɧɬɚɠɟɧɶ Ⱦɨ ɰɿɽʀ
ɝɪɭɩɢɜɿɞɧɨɫɹɬɶɫɹɞɚɜɚɱɿɪɭɯɭɬɚɩɨɥɨɠɟɧɧɹɥɸɞɢɧɢ
ɞɚɜɚɱɿ ɹɤɿ ɮɿɤɫɭɸɬɶ ɱɚɫ ɜɤɥɸɱɟɧɧɹ ɱɚɫɬɨɬɭ ɿ
ɿɧɬɟɪɜɚɥɢɱɚɫɭɪɨɛɨɬɢɩɪɢɫɬɪɨʀɜ 
 
 
 Ɋɢɫ ± ȼɢɞɢ ɤɨɧɬɟɤɫɬɭɞɥɹɤɟɪɭɜɚɧɧɹ
ɩɟɪɟɬɜɨɪɸɜɚɱɚɦɢɟɥɟɤɬɪɨɟɧɟɪɝɿʀ 
 
 ɞɚɜɚɱɿ ɟɧɟɪɝɨɫɩɨɠɢɜɚɧɧɹ ɳɨ ɮɿɤɫɭɸɬɶ ɪɿɜɧɿ
ɫɩɨɠɢɜɚɧɧɹ ɜɫɿɽʀ ɫɢɫɬɟɦɢ ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ ɬɚ
ɨɤɪɟɦɢɯɩɪɢɫɬɪɨʀɜɜʀʀɫɤɥɚɞɿ 
 ɞɚɜɚɱɿ ɹɤɿɮɿɤɫɭɸɬɶ ɩɚɪɚɦɟɬɪɢɧɚɜɤɨɥɢɲɧɶɨɝɨ
ɫɟɪɟɞɨɜɢɳɚ ɧɚɩɪɢɤɥɚɞ ɞɚɜɚɱɿ ɬɟɦɩɟɪɚɬɭɪɢ ɬɢɫɤɭ
ɿɧɬɟɧɫɢɜɧɨɫɬɿɫɜɿɬɥɚɬɚɲɭɦɭ 
 ɞɚɜɚɱɿ ɛɟɡɩɟɤɢ ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɩɨɩɟɪɟɞɠɟɧɧɹ
ɧɚɞɡɜɢɱɚɣɧɢɯ ɫɢɬɭɚɰɿɣ ɞɚɜɚɱɿ ɪɨɡɛɢɬɬɹ ɫɤɥɚ ɞɚɜɚɱɿ
ɩɨɠɟɠɿɞɚɜɚɱɿɨɯɨɪɨɧɧɨʀɫɢɝɧɚɥɿɡɚɰɿʀ 
 ɞɚɜɚɱɿ ɛɿɨɦɟɞɢɱɧɨɝɨ ɫɬɚɧɭ ɹɤɿ ɤɨɧɬɪɨɥɸɸɬɶ
ɮɿɡɿɨɥɨɝɿɱɧɢɣ ɫɬɚɧ ɥɸɞɢɧɢ ɡɚ ɩɭɥɶɫɨɦ ɬɢɫɤɨɦ
ɪɿɜɧɟɦɰɭɤɪɭɜɤɪɨɜɿɪɿɜɧɟɦ ɯɨɥɟɫɬɟɪɢɧɭɬɨɳɨ 
Ⱦɨ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɞɚɜɚɱɿɜ ɫɢɫɬɟɦɢ
ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹɦɨɠɧɚɜɿɞɧɟɫɬɢɧɚɫɬɭɩɧɿ 
ɛɟɡɩɟɪɟɪɜɧɢɣɪɟɠɢɦ- ɩɨɫɬɿɣɧɚɪɟɽɫɬɪɚɰɿɹɩɨɞɿɣ
ɿɡɡɚɞɚɧɨɸɮɿɤɫɨɜɚɧɨɸɚɛɨɡɦɿɧɧɨɸɱɚɫɬɨɬɨɸ 
ɪɟɠɢɦɜɜɿɦɤɧɟɧɧɹɡɚɩɨɞɿɽɸ± ɪɟɽɫɬɪɚɰɿɹɮɚɤɬɭ
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3) ɡɱɢɬɭɜɚɧɧɹɡɧɚɱɟɧɧɹɩɨɬɨɱɧɨɝɨɱɥɟɧɚɑɊY(tk). 
əɤɳɨtk = tmaxɬɨɤɿɧɟɰɶɪɨɛɨɬɢɚɥɝɨɪɢɬɦɭ 
4) ɹɤɳɨ tk< tmax  ɬɨ ɞɥɹ ɩɨɬɨɱɧɨɝɨ ɱɥɟɧɚ ɑɊ ɜ
ɦɨɦɟɧɬ ɱɚɫɭ tk  ɡɧɚɯɨɞɢɬɶɫɹ ɩɪɨɝɧɨɡɨɜɚɧɟ ɡɧɚɱɟɧɧɹ
ɏWk + tɉ) ɧɚɱɚɫɨɜɨɦɭɝɨɪɢɡɨɧɬɿɩɪɨɝɧɨɡɭtɉ ɪɨɡɞɿɥ
ɮɨɪɦɭɥɚ  ɹɤɟ ɡɚɩɚɦ
ɹɬɨɜɭɽɬɶɫɹ ɜ ɞɢɧɚɦɿɱɧɨɦɭ
ɫɩɢɫɤɭ ɩɪɨɝɧɨɡɨɜɚɧɢɯ ɱɥɟɧɿɜ ɑɊ ɧɚ ɱɚɫɨɜɨɦɭ
ɿɧɬɟɪɜɚɥɿɞɨ tmax. 
5) ɪɨɡɪɚɯɭɧɨɤ ɿ ɡɛɟɪɟɠɟɧɧɹ ɜ ɥɿɧɿɣɧɨɦɭ ɫɩɢɫɤɭ
ɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ ɋɄȼ
Q(tk) ɩɪɨɝɧɨɡɨɜɚɧɨɝɨ ɱɥɟɧɚ ɑɊ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ
ɜɢɦɿɪɹɧɢɦɊɨɡɞɿɥɮɨɪɦɭɥɚ 
6) əɤɳɨ ɡɧɚɱɟɧɧɹ  ɋɄȼ  ɡɧɚɯɨɞɢɬɶɫɹ ɡɚ ɦɟɠɚɦɢ
ɞɨɜɿɪɱɨɝɨ ɿɧɬɟɪɜɚɥɭ  Q(tk) > Qɞɨɜ ɬɨ ɜɢɤɨɧɭɽɬɶɫɹ
ɪɟɝɭɥɹɪɢɡɚɰɿɹ  ɜɢɛɿɪɤɢ n  əɤɳɨ ɜ ɞɢɧɚɦɿɱɧɨɦɭ
ɫɩɢɫɤɭ ɩɪɨɝɧɨɡɨɜɚɧɢɯ ɱɥɟɧɿɜ ȼɊ ɧɟɦɚɽ ɟɥɟɦɟɧɬɚ ɡ
ɱɚɫɨɦWkɬɨɜɢɤɨɧɭɽɬɶɫɹɩɟɪɟɯɿɞɧɚɩ 
 
Ɋɟɝɭɥɹɪɢɡɚɰɿɹɤɨɧɬɟɤɫɬɧɢɯɞɚɧɢɯɜɚɥɝɨɪɢɬɦɿ
ɩɪɨɝɧɨɡɭɜɚɧɧɹɱɥɟɧɿɜɑɊ 
 
ɉɿɞ ɪɟɝɭɥɹɪɢɡɚɰɿɽɸ ɦɚɽɬɶɫɹ ɧɚ ɭɜɚɡɿ ɡɦɿɧɚ
ɤɿɥɶɤɨɫɬɿ ɱɥɟɧɿɜ ɜɢɛɿɪɤɢ ɑɊ ɞɨ ɡɧɚɱɟɧɧɹ ɳɨ
ɡɚɛɟɡɩɟɱɭɽ ɡɦɟɧɲɟɧɧɹ ɋɄɈ 4Wk ɞɨ ɜɟɥɢɱɢɧɢ ɩɪɢ
ɹɤɿɣ ɡɧɚɱɟɧɧɹ ɩɪɨɝɧɨɡɭɽɦɢɯ ɱɥɟɧɿɜ ɑɊ ɜɯɨɞɹɬɶ ɜ
ɨɛɥɚɫɬɶɞɨɜɿɪɱɨɝɨɿɧɬɟɪɜɚɥɭ 
Ɋɟɝɭɥɹɪɢɡɚɰɿɹ ɜɢɛɿɪɤɢ ɜɢɤɨɧɭɽɬɶɫɹ ɡɚ
ɚɥɝɨɪɢɬɦɨɦ ɛɥɨɤ-ɫɯɟɦɚ ɹɤɨɝɨ ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ 2 ȼ
ɩɪɨɰɟɫɿ ɪɟɝɭɥɹɪɢɡɚɰɿʀ ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɧɚɬɢ ɧɚɫɬɭɩɧɿ
ɞɿʀ 
1) ɡɚɞɚɬɢɩɨɱɚɬɤɨɜɿɡɧɚɱɟɧɧɹQ Qmin , nmax=max; 
2) ɜɢɹɜɢɬɢ, ɡɚ ɤɪɢɬɟɪɿɽɦ ȱɪɜɿɧɚ [11] ɚɧɨɦɚɥɶɧɿ
ɱɥɟɧɢ ɪɹɞɭ ɞɥɹ ɹɤɢɯ ɋɄȼ ʀɯ ɩɪɨɝɧɨɡɧɢɯ ɡɧɚɱɟɧɶ
ɡɧɚɯɨɞɢɬɶɫɹ ɡɚ ɦɟɠɚɦɢ ɞɨɜɿɪɱɨɝɨ ɿɧɬɟɪɜɚɥɭ 
(Q(tk) > Qɞɨɜ): 
  
1( ) ( )( ) ( )
k k
k
k
Q t Q t
t Q tO  ,                                 
 
ɞɟ )t( kO ± ɤɨɟɮɿɰɿɽɧɬ ȱɪɜɿɧɚ, Q(tk), Q(tk-1) ± ɋɄȼ
ɱɥɟɧɿɜɑɊɜɦɨɦɟɧɬɢɱɚɫɭtk ɿtk-1; 
3) ɩɨɪɿɜɧɹɬɢɪɨɡɪɚɯɨɜɚɧɢɣɤɨɟɮɿɰɿɽɧɬȱɪɜɿɧɚO(tk)ɡ
ɬɚɛɥɢɱɧɢɦ ɡɧɚɱɟɧɧɹɦ  Oɬɚɛ əɤɳɨ ɡɧɚɱɟɧɧɹ
ɤɨɟɮɿɰɿɽɧɬɭ ȱɪɜɿɧɚ ɩɟɪɟɜɢɳɭɽ ɬɚɛɥɢɱɧɟ ɡɧɚɱɟɧɧɹ ɬɨ
ɡɦɟɧɲɭɽɬɶɫɹ ɤɿɥɶɤɿɫɬɶ ɱɥɟɧɿɜ ɜɢɛɿɪɤɢ nɿ ɚɥɝɨɪɢɬɦ
ɩɨɜɬɨɪɸɽɬɶɫɹ ɡ ɩɟɪɲɨɝɨ ɤɪɨɤɭ əɤɳɨ ɤɨɟɮɿɰɿɽɧɬ
ȱɪɜɿɧɚ ɽ ɦɟɧɲɢɦ ɡɚ ɬɚɛɥɢɱɧɟ ɡɧɚɱɟɧɧɹ ɬɨ ɩɪɨɝɧɨɡɧɿ
ɡɧɚɱɟɧɧɹ ɱɥɟɧɿɜ ɑɊ ɜɜɚɠɚɸɬɶɫɹ ɞɨɫɬɨɜɿɪɧɢɦɢ ɧɚ
ɿɧɬɟɪɜɚɥɿɱɚɫɭɞɨtmax ɬɚɛɥɢɱɧɿɡɧɚɱɟɧɧɹOɬɚɛ ɧɚɜɟɞɟɧɿ
ɜ>11]). 
4) əɤɳɨQQmaxɬɨQ Qɿɩɟɪɟɯɿɞɧɚɩ 
 
 
 
Ɋɢɫ2 ± Ⱥɥɝɨɪɢɬɦɪɟɝɭɥɹɪɢɡɚɰɿʀɜɢɛɿɪɤɢɤɨɧɬɟɤɫɬɧɢɯ
ɞɚɧɢɯ 
 
 
Ɉɛɝɨɜɨɪɟɧɧɹɪɟɡɭɥɶɬɚɬɿɜ 
 
ɇɚɪɢɫ  ɿ  ɹɤ ɩɪɢɤɥɚɞ ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ
ɩɨɪɿɜɧɹɧɧɹɪɨɛɨɬɢɦɟɬɨɞɭ ɫɩɥɚɣɧɟɤɫɬɪɚɩɨɥɹɰɿʀ ɋȿ 
ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɚɥɝɨɪɢɬɦɭ ɪɟɝɭɥɹɪɢɡɚɰɿʀ ɜɢɛɿɪɤɢ ɬɚ
ɛɟɡɧɶɨɝɨ 
 
 
 
Ɋɢɫ 3 ± ɪɟɡɭɥɶɬɚɬɢɋȿɛɟɡ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɪɟɝɭɥɹɪɢɡɚɰɿʀ 
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Ɋɢɫ 4 ± ɪɟɡɭɥɶɬɚɬɢɋȿɡɜɢɤɨɪɢɫɬɚɧɧɹɦ
ɪɟɝɭɥɹɪɢɡɚɰɿʀ 
 
 
ȼɢɫɧɨɜɤɢ 
 
Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɚɥɝɨɪɢɬɦ ɪɟɝɭɥɹɪɢɡɚɰɿʀ
ɤɨɧɬɟɤɫɬɧɢɯ ɞɚɧɢɯ ɩɪɢ ɩɪɨɝɧɨɡɭɜɚɧɧɿ ɱɚɫɨɜɢɯ ɪɹɞɿɜ 
ɞɨɡɜɨɥɹɽ ɧɚ ɡɚɞɚɧɨɦɭ ɜɿɞɪɿɡɤɭ ɱɚɫɭ ɡɦɟɧɲɢɬɢ
ɩɨɦɢɥɤɭ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɡ - ɞɨ - ɳɨ
ɩɿɞɬɜɟɪɞɠɭɽɬɶɫɹ ɦɨɞɟɥɸɜɚɧɧɹɦ ɧɚɜɟɞɟɧɨɝɨ
ɚɥɝɨɪɢɬɦɭ. 
Ɂɦɟɧɲɟɧɧɹ ɩɨɦɢɥɤɢ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɞɨɡɜɨɥɹɽ
ɩɨɤɪɚɳɢɬɢ ɹɤɿɫɬɶ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɡ ɤɟɪɭɜɚɧɧɹ
ɚɜɬɨɧɨɦɧɢɦɢ ɫɢɫɬɟɦɚɦɢ ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɿ 
ɩɿɞɜɢɳɢɬɢ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɿɫɬɶ6PDUW*ULG 
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Ȼɭɞɶɥɚɫɤɚɩɨɫɢɥɚɣɬɟɫɶɧɚɰɸɫɬɚɬɬɸɧɚɫɬɭɩɧɢɦɱɢɧɨɦ 
Ʉɢɫɟɥɶɨɜɚ, Ⱥ Ƚ Ɋɟɝɭɥɹɪɢɡɚɰɿɹɤɨɧɬɟɤɫɬɧɢɯɞɚɧɢɯɩɪɢɤɟɪɭɜɚɧɧɿɚɜɬɨɧɨɦɧɢɦɢɫɢɫɬɟɦɚɦɢɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ / Ⱥ Ƚ
ɄɢɫɟɥɶɨɜɚȽ ȾɄɢɫɟɥɶɨɜ// ȼɿɫɧɢɤɇɌɍ©ɏɉȱªɋɟɪɿɹ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ɉɨɠɚɥɭɣɫɬɚɫɫɵɥɚɣɬɟɫɶɧɚɷɬɭɫɬɚɬɶɸɫɥɟɞɭɸɳɢɦɨɛɪɚɡɨɦ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